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PREFACE 
This  r e p o r t  covers  t h e  15 June 1968 t o  14 June 1969 ac t iv i t i e s  of 
t he  NASA Biomedical Appl ica t ion  Team a t  t h e  Research Tr iangle  I n s t i t u t e .  
These ac t iv i t ies  were performed i n  accomplishing Tasks A through F ,  
Statement of Work, NASA Contract  No .  NSR-34-004-056. Accomplishment of 
Task G ,  Supplementary E f f o r t s ,  i s  r epor t ed  sepa ra t e ly .  This work w a s  
performed i n  t h e  Engineering and Environmental Sciences Div is ion  of t h e  
Research Tr i ang le  I n s t i t u t e  under t h e  t e c h n i c a l  d i r e c t i o n  of D r .  James N. 
Brown, Jr. Full-t ime members of t h e  team and o t h e r  RTI  s t a f f  members who 
p a r t i c i p a t e d  i n  t h e  p r o j e c t  are D r .  F. T. Wooten, M r .  Ernest  Harr ison,  
M r s .  Sandra K. Burt ,  D r .  D.  F. Palmer, M r .  J. B. Tommerdahl, and M r .  R. L. 
Beadles. 
Medical research  consu l t an t s  who cont r ibu ted  s i g n i f i c a n t l y  t o  t h e  
p r o j e c t  are D r .  E. A. Johnson, Professor  of Cardiac Pharmacology, Duke 
Univers i ty  Medical Center ,  Durham, North Carol ina and D r .  G. S. Malindzak, 
Jr., Assoc ia te  Professor  of Physiology, Wake Fores t  Univers i ty ,  Bowman Gray 
School of Medicine, Winston-Salem, North Carol ina.  
ABSTRACT 
This r e p o r t  p re sen t s  t h e  r e s u l t s  and an a n a l y s i s  of t h e  ac t iv i t ies  
of t h e  NASA Biomedical Appl ica t ion  Team a t  t h e  Research Tr iangle  I n s t i t u t e .  
This  experimental  program i n  technology t r a n s f e r  w a s  supported by 
NASA Contract  N o .  NSR-34-004-056 f o r  t h e  r epor t ing  per iod 15  June 1968 t o  
1 4  June 1969. The RTI  Biomedical Appl ica t ion  Team i s  a m u l t i d i s c i p l i n a r y  
team of s c i e n t i s t s  and engineers  a c t i n g  as an  information and technology 
i n t e r f a c e  between NASA and ind iv idua l s ,  i n s t i t u t i o n s ,  and agencies  involved 
i n  biomedical r e sea rch  and c l i n i c a l  medicine. A t  p re sen t ,  t h e  R T I  
Biomedical Appl ica t ion  Team i s  s t a f f e d  by: J. N. Brown, Electrical Engineer; 
F. T. Wooten, Electr ical  Engineer; Ernest  Harr ison,  P h y s i c i s t  and Materials 
S c i e n t i s t ;  and Sandra Burt ,  Information S p e c i a l i s t .  Addi t iona l ly ,  t h e  
team draws upon t h e  c a p a b i l i t y  of o the r  members of t h e  RTI  s t a f f  as needed. 
Seven medical i n s t i t u t i o n s  are p resen t ly  p a r t i c i p a t i n g  i n  t h e  RTI  
Biomedical Appl ica t ion  Team program: Duke Univers i ty  Medical Center ,  
Durham, North Carol ina;  t h e  Medical School of t h e  Univers i ty  of North 
Caro l ina ,  Chapel H i l l ,  North Carol ina;  t h e  Univers i ty  of North Carol ina 
Dental  School and Dental  Research Center ,  Chapel H i l l ,  North Caro l ina ;  t h e  
Bowman Gray School of Medicine, Winston-Salem, North Caro l ina ;  t h e  North 
Carol ina S t a t e  Univers i ty ,  Raleigh, North Caro l ina ;  t h e  Veteran 's  
Adminis t ra t ion Hosp i t a l ,  Durham, North Carol ina;  and t h e  I n s t i t u t e  of 
R e h a b i l i t a t i o n  Medicine of New York Univers i ty  Medical Center,  New York, 
New York. 
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The accomplishments of t h e  R T I  Biomedical Appl ica t ion  Team during 
t h e  last t h r e e  years  can be summarized as fol lows:  Since 15 June  1966, 
t h e  team has worked on 225 s p e c i f i c  technology-related biomedical problems. 
Eighty of t h i s  t o t a l  number of problems are a t  p resen t  a c t i v e ,  and 
s o l u t i o n s  are being sought.  
been accomplished during t h i s  per iod.  During t h e  preceding c o n t r a c t  
yea r ,  53 new problems w e r e  accepted f o r  i n v e s t i g a t i o n ,  and 1 7  technology 
t r a n s f e r s  w e r e  accomplished. During t h i s  per iod 24 computerized informa- 
t i o n  searches  w e r e  performed, and one biomedical problem a b s t r a c t  w a s  
submitted t o  NASA's Technology U t i l i z a t i o n  Div is ion  f o r  d i sseminat ion  
t o  NASA c e n t e r s .  
A t o t a l  of 4 1  t r a n s f e r s  of technology have 
The types of technology t r a n s f e r s  accomplished during t h e  preceding 
c o n t r a c t  year ranged from pure ly  information t r a n s f e r s  t o  devices ,  i n s t r u -  
mentat ion,  and implantable  pros theses .  NASA-developed f l u i d  c o n t r o l  
technology w a s  adapted t o  t h e  des ign  and f a b r i c a t i o n  of a pro to type  
p r o s t h e t i c  u r e t h r a l  va lve .  
t e s t i n g  w a s  t r a n s f e r r e d  t o  a research  program i n  d i agnos t i c  u l t r a s o n i c s .  
F e r r i t e  p re s su re  t ransducers  developed f o r  measuring pressures  i n  materials 
used by NASA are being adapted t o  t h e  measurement of blood flow i n  t h e  
human body. An a d d i t i o n a l  t r a n s f e r  of i n t e r e s t  w a s  t h e  a p p l i c a t i o n  
of low-velocity f l i g h t  balance ins t rumenta t ion  developed i n  t h e  Russian 
space program t o  monitor ing t h e  f l i g h t  of b i r d s  i n  a research  p r o j e c t  
a t  Duke Universi ty .  
Information on u l t r a s o n i c  nondes t ruc t ive  
An a n a l y s i s  of t h e  team's ope ra t ions  i n d i c a t e s  t h a t  technology 
t r a n s f e r  programs are made more e f f e c t i v e  and e f f i c i e n t  as problem 
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s e l e c t i o n  and screening  receive g r e a t e r  emphasis. 
of t h e  problem o r i g i n a t o r  and t h e  f a c i l i t i e s  a v a i l a b l e  t o  him t o  adapt  
and apply technology are ve ry  important f a c t o r s  i n  problem s e l e c t i o n .  
Also, t h e  a b i l i t y  t o  d e f i n e  a problem as a s i n g l e  and s p e c i f i c  technologica l  
requirement is a n  important  s e l e c t i o n  f a c t o r .  F i n a l l y ,  and most 
impor tan t ly ,  a n a l y s i s  shows c l e a r l y  t h a t  aerospace technology can be appl ied  
b e n e f i c i a l l y  i n  t h e  biomedical f i e l d ,  and t h e  success  of t h e  Biomedical 
Appl ica t ion  Team Program has n o t  been l imi t ed  by an  i n a b i l i t y  t o  i d e n t i f y  
aerospace technology a p p l i c a b l e  t o  s p e c i f i c  biomedical problems. 
Both t h e  c a p a b i l i t i e s  
i v  
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1.0  INTRODUCTION AND SUMMARY 
The Technology U t i l i z a t i o n  Div is ion  of t h e  Nat iona l  Aeronautics and 
Space Adminis t ra t ion i s  experiencing success  i n  t r a n s f e r r i n g  t h e  
s c i e n t i f i c  and t echno log ica l  r e s u l t s  of t h e  n a t i o n ' s  aerospace a c t i v i t i e s  
t o  a p p l i c a t i o n s  i n  non-aerospace r e l a t e d  n a t i o n a l  programs. [ l ]  The 
t r a n s f e r  of s c i ence  and technology t o  t h e  biomedical f i e l d  and t h e  s tudy  
of t h e  process  by which t h i s  t r a n s f e r  occurs  is one of t h e  major endeavors 
i n  NASA's Technology U t i l i z a t i o n  Program. 
encountered i n  t r a n s f e r r i n g  technology t o  problems and needs e x i s t i n g  i n  
t h e  biomedical f i e l d .  
languages,  methodologies,  and environments encountered i n  t h e  physical-  
engineer ing and l i f e  sc iences .  
Systematic problems are 
These problems are a r e s u l t  of d i f f e r e n c e s  i n  
I n  o the r  t o  create a mechanism f o r  and t o  f a c i l i t a t e  t h e  t r a n s f e r  of 
s c i e n t i f i c  and technologica l  information t o  c l i n i c i a n s  and medical in- 
v e s t i g a t o r s ,  t h e  Nat iona l  Aeronautics and Space Adminis t ra t ion is  p resen t ly  
sponsoring t h r e e  m u l t i d i s c i p l i n a r y  Biomedical Appl ica t ion  Teams. These 
t h r e e  teams are loca ted  a t  t h e  Research Tr iangle  I n s t i t u t e ,  Research 
Tr i ang le  Park, North Carol ina;  t h e  Midwest Research I n s t i t u t e ,  S t .  Louis,  
Missouri ;  and t h e  Southwest Research I n s t i t u t e ,  San Antonio, Texas. 
These t h r e e  a p p l i c a t i o n  teams c l o s e l y  coord ina te  t h e i r  ac t iv i t ies  t o  
avoid d u p l i c a t i o n  of e f f o r t  and t o  enhance i n v e s t i g a t i o n  of t h e  technology 
t r a n s f e r  process.  
The o b j e c t i v e s  of NASA's Biomedical Appl ica t ion  Team Program are both 
experimental  and ope ra t iona l .  The experimental  phase of t h e  program is 
t h e  s tudy  of t h e  technology t r a n s f e r  process  and t h e  development of a 
sys temat ic  approach t o  t r a n s f e r r i n g  aerospace technology t o  a p p l i c a t i o n s  
i n  medicine and biomedical research .  The o p e r a t i o n a l  phase of t h e  
program i s  t h e  t r a n s f e r  of s p e c i f i c  i t e m s  of aerospace technology t o  
t h e  biomedical f i e l d  and t h e  gene ra t ion  of a d a t a  base  f o r  f u r t h e r  
s tudy  of t h e  t r a n s f e r  process .  
The methodology employed by t h e  Biomedical Appl ica t ion  Team can 
be subdivided i n t o  fou r  major phases of ac t ion :  i d e n t i f i c a t i o n  and 
s p e c i f i c a t i o n  of t h e  problem, i d e n t i f i c a t i o n  of r e l e v a n t  information 
o r  technology, eva lua t ion  of p o t e n t i a l l y  app l i cab le  information o r  tech- 
nology, and documentation of s p e c i f i c  a p p l i c a t i o n s  o r  technology 
t r a n s f e r s  and t h e  manner i n  which t h e s e  technology t r a n s f e r s  were 
accomplished. 
The f i r s t  phase of t h e  t r a n s f e r  process ,  i d e n t i f i c a t i o n  and speci-  
f i c a t i o n  of t h e  problem, i s  t h e  i n i t i a t i o n  of d i scuss ions  between members 
of t h e  t e a m  and medical i n v e s t i g a t o r s  a t  p a r t i c i p a t i n g  medical i n s t i t u t i o n s .  
I n  t h e s e  meet ings,  t e a m  members o b t a i n  an  understanding of t h e  problems 
and requirements posed by t h e  medical  i n v e s t i g a t o r s  and of t h e  way 
t h e s e  problems are a f f e c t i n g  t h e  progress  of medical  research  o r  h inder ing  
p a t i e n t  t reatment  and care. Following these  d i scuss ions  and prel iminary 
l i t e r a t u r e  research ,  t h e  team i d e n t i f i e s  s p e c i f i c  technology-related 
problems and prepares  biomedical problem a b s t r a c t s  on each s p e c i f i c  
problem. These biomedical problem a b s t r a c t s  d e s c r i b e  a s i n g l e  problem 
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i n  a concise  manner us ing  f u n c t i o n a l  and nond i sc ip l ina ry  terminology. 
They a l s o  d e s c r i b e  t h e  s i g n i f i c a n c e  of t h e  problem and t h e  b e n e f i t s  
which would l i k e l y  b e  r e a l i z e d  i f  a s o l u t i o n  can be found. 
The second phase i n  t h e  t r a n s f e r  process ,  t h e  i d e n t i f i c a t i o n  of 
r e l e v a n t  information and technology, involves  two approaches t o  obta in ing  
information.  The f i r s t  approach is  a computerized information search  of 
NASA's aerospace informat ion  bank. 
of t h e  e n t r i e s  i n  t h e  S c i e n t i f i c  and Technical  Aerospace Reports and t h e  
This  information bank c o n s i s t s  
I n t e r n a t i o n a l  Aerospace Abs t rac ts .  
are performed c o l l a b o r a t i v e l y  by members of t h e  a p p l i c a t i o n  team and 
These computer information searches  
a p p l i c a t i o n s  engineers  a t  NASA Regional Dissemination Centers ,such as 
t h e  North Caro l ina  Science and Technology Research Center loca ted  i n  
t h e  Research Tr i ang le  Park,  North Caro l ina .  I n  t h e  second approach, 
biomedical problem a b s t r a c t s  a r e  disseminated through t h e  Technology 
U t i l i z a t i o n  Div is ion  of NASA t o  t h e  NASA Research Centers  t o  s o l i c i t ,  
from i n d i v i d u a l  engineers  and s c i e n t i s t s ,  a s s i s t a n c e  i n  so lv ing  problems. 
The t h i r d  s t e p  i n  t h e  t r a n s f e r  process  involves  an eva lua t ion  of 
information which appears  t o  be r e l e v a n t  t o  t h e  s o l u t i o n  f o r  a s p e c i f i c  
problem. 
as t h e  problem o r i g i n a t o r .  I f  information is i d e n t i f i e d  which appears  
t o  o f f e r  a s o l u t i o n  t o  a s p e c i f i c  problem, t h e  t e a m  encourages and, t o  a 
c e r t a i n  e x t e n t ,  assists t h e  i n v e s t i g a t o r  i n  applying t h i s  information i n  
h i s  r e sea rch  p r o j e c t .  
This  eva lua t ion  i s  performed both by members of t h e  t e a m  as w e l l  
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The f i n a l  phase of a c t i v i t y  involves  t h e  complete and d e t a i l e d  
documentation of s p e c i f i c  problems, t h e  technology o r  information which 
w a s  app l i ed  and how it  w a s  app l i ed ,  and a d e s c r i p t i o n  of how t h e  
r e l e v a n t  information w a s  i d e n t i f i e d .  Documentation i s  requi red  both f o r  
f u r t h e r  s tudy of t h e  t r a n s f e r  process  as w e l l  as f o r  wide d isseminat ion  
of t h e  information throughout t h e  medical  community. 
Seven medical  schools  and i n s t i t u t i o n s  are p r e s e n t l y  p a r t i c i p a t i n g  
i n  t h e  RTI  Biomedical Appl ica t ion  Team program. 
Univers i ty  Medical Center ,  Durham, North Carol ina;  t h e  Univers i ty  of North 
Carol ina Medical School, Chapel H i l l ,  North Caro l ina ;  t h e  Univers i ty  of 
North Carol ina Dental  School and Dental  Research Center ,  Chapel H i l l ,  
North Carol ina;  t h e  North Carol ina State  Univers i ty ,  Raleigh, North 
Carol ina;  t h e  Wake Fores t  Univers i ty  Bowman Gray School of Medicine, 
Winston-Salem, North Caro l ina ;  t h e  Veteran ' s  Adminis t ra t ion Hospi ta l ,  
Durham, North Caro l ina ;  and t h e  I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine of 
New York Univers i ty ,  New York, New York. 
They are t h e  Duke 
Discussions of t h e  a c t i v i t i e s  of t h e  RTI  Biomedical Applicat ion 
Team are presented i n  t h e  remaining s e c t i o n s  of t h i s  r e p o r t .  These 
d i scuss ions  inc lude  a summary and a n a l y s i s  of technology t r a n s f e r s  
accomplished dur ing  t h e  preceding 36-month and 12-month per iods ,  a summary 
and a n a l y s i s  of t h e  s t a t u s  of a c t i v e  problems, eva lua t ions  of computer 
searches  performed dur ing  t h e  r e p o r t i n g  per iod ,  a d i scuss ion  of a p p l i c a t i o n  
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engineer ing which has  r e s u l t e d  from t h e  team's a c t i v i t i e s ,  conclusions 
r e l a t e d  t o  t h e  technology t r a n s f e r  process ,  and recommendations f o r  
f u t u r e  a c t i v i t i e s  of t h e  RTI Biomedical Applicat ion Team. 
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2.0 TECHNOLOGY TRANSFERS 
During t h e  p a s t  t h r e e  yea r s ,  t h e  RTI  Biomedical Appl ica t ion  Team 
has  accomplished 4 1  t r a n s f e r s  of aerospace technology t o  problems i n  t h e  
biomedical f i e l d .  Of these ,  24 occurred during t h e  per iod  1 5  June 1966 
t o  14 June 1968 and they  are documented i n  the  F i n a l  Reports on t h a t  
per iod of t i m e .  [ 2 , 3 ]  Of t h e  17 t r a n s f e r s  completed during t h e  preceding 
12-month r e p o r t i n g  per iod ,  14 have been documented i n  t h e  t h r e e  Quar te r ly  
Reports published during t h a t  c o n t r a c t  year  - i .e. 15  June 1968 t o  
1 4  June 1969. [4 ,5 ,6]  
Transfer  Reports  which appear i n  Sec t ion  2.2. 
The remaining t h r e e  t r a n s f e r s  are documented i n  
2 .1  Summary and Analysis  of Technology Transfers  
A l l  41  t r a n s f e r s  which have been accomplished by t h e  R T I  Biomedical 
Appl ica t ion  Team are l i s t e d  i n  Table 1. 
according t o  t h e  c o n t r a c t  year  i n  which they occurred. 
and number preceding each problem and t r a n s f e r  t i t l e  i d e n t i f i e s  t h e  medical 
i n s t i t u t i o n  involved and t h e  order  i n  which t h e  problems w e r e  s p e c i f i e d  a t  
They are subdivided, i n  t h e  t a b l e ,  
The problem code 








The problem code should be i n t e r p r e t e d  as fol lows:  
Duke Univers i ty  Medical Center 
Hospi ta l  f o r  Spec ia l  Surgery 
North Carol ina S t a t e  Univers i ty  
Univers i ty  of North Carol ina 
Univers i ty  of North Carol ina Dental  School 




Trans fe r s  




T i t l e  
Correc t ion  f o r  Latency i n  Vidicons. 
Theore t i ca l  Treatments of Holography Which Discuss 
Aberrat ions and Di s to r t ions .  












T i t l e  
Techniques f o r  Calcu la t ing  L e f t  Vent r icu lar  Volume 
from Biplane Cineradiographs.  
Methods of Improving Resolut ion and General Qual i ty  
of Elec t ron  Micrographs t o  Obtain More Information 
on t h e  S t r u c t u r e  of C e l l  Membranes. 
Cardiac Artery Cons t r i c to r .  
F lu id  Dynamics of Sucrose Gap Chambers. 
Methods of Fabr ica t ing  Sucrose Gaps. 
A Method of  Measuring and Telemetering t h e  Force 
Applied t o  Broken Bone J o i n t s  by Implanted Braces. 
Information on Environmental Capsules f o r  Opossums. 
Information Related to  Bone Growth and Resorption. 
Analysis  of E lec t rophore t i c  Scan Data. 













Methods of Reinforcing Thermo-plastic Braces and Casts. 
A Means of Sampling Bacteria in the Nasal and Sinus 
Cavities Which is Simpler and Less Unpleasant to Patients. 
An Economical Dry Heat Sterilization Apparatus. 
Design of "Clean" Rooms, Especially "Laminar Flow" Rooms. 
Seven-Channel,Portable,Battery-Operated Tape Recorder. 
Method of Correcting for Spherical Aberration in 
Ultrasonic Holograms. 
Radiation Detector for In Vivo Measurement of Absorbed 
Dose. 
WF-30 An Improved Blood Vessel Constrictor. 
WF-39 Information needed on the Physiological Effects (Radiation 
Damage, etc.) Arising from Use of Short-lived Radio 
Isotopes in Treatment and Autoradiography. 
WF-45 Sensitivity of Animal Cells to Radiation as a Function of 
Amount of Oxygen Present in Tissue and as a Function of 
Radiation Dose Rate. 
WF-50 App 1 ic a t ion of Time- S er ies Analysis to Computer Processing 
of Biomedical Data. 
15 June 1968 to 14 June 1969 
Problem No. Title 
DU- 20 Multi-electrode Needles. 
DU- 24 A Signal Conditioning and Multiplexing System for 
Multiple Electrode EKG Patient Monitoring. 



















Transfers  (Continued). 
T i t l e  
Biomedical Tape Recorder. 
Oxygen Content of I ch thyo log ica l  Ovarian Fluid.  
An Improved EMG Elec t rode  f o r  Hand Therapy. 
A Manipulator f o r  Therapy i n  Abductor Transfer  Cases. 
P r o s t h e t i c  Valve f o r  Urinary Tract. 
An Implantable  Valve Which Can B e  Remotely Opened and 
Closed From Outside t h e  Body. 
Methods of Tr igger ing  from a Fixed Reference Poin t  on 
t h e  EKG Waveform. 
An Improved Sensing System f o r  Ind ica to r  D i lu t ion  
S tudies .  
A Simple Means of Sensing Whether Respi ra tor  is Actua l ly  
Performing t h e  Respi ra tory  Function on Humans. 
Information on Ul t rasonics .  
A Low Cost,  Swallowable, pH Sensing Telemetering Capsule. 
D i f f e r e n t i a l  Pressure  Transducer f o r  Cardiac Catheter .  
S m a l l  Low-Velocity F l i g h t  Balance. 
Telemetry from Wood Ducks i n  Natura l  Environment. 
An Improved Elec t rode  f o r  Electro-Diagnosis.  
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The code MISC i s  used f o r  problems o r i g i n a t e d  by r e sea rche r s  who 
are n o t  l oca t ed  a t  one of t h e  i n s t i t u t i o n s  formal ly  p a r t i c i p a t i n g  i n  t h e  
Biomedical Appl ica t ion  Team Program. 
A s  pointed ou t  i n  t h e  In t roduc t ion ,  one of t h e  two major o b j e c t i v e s  
of t h e  Biomedical Appl ica t ion  Team Program i s  t h e  development of an  
e f f e c t i v e  and e f f i c i e n t  methodology f o r  t r a n s f e r r i n g  technology t o  t h e  
biomedical f i e l d .  I n  a t tempting t o  reach  t h i s  goa l ,  t h e  successes  i n  
t r a n s f e r r i n g  technology must be  con t inua l ly  analyzed i n  order  t o  determine 
what changes i n  t h e  team's approach can inc rease  t h e  flow of technology 
r e s u l t i n g  from t h e  n a t i o n ' s  space program t o  biomedical app l i ca t ions .  
I n  t h e  fol lowing paragraphs,  c h a r a c t e r i s t i c s  of t h e  t r a n s f e r s  l i s t e d  i n  
Table 1 and t h e  ways i n  which t h e s e  t r a n s f e r s  were achieved are d iscussed  
from t h e  s tandpoin t  of Biomedical Appl ica t ion  Team methodology. 
Table 2 l ists  t h e  ca t egor i e s  of t r a n s f e r s  i n  regard t o  what type  
of information w a s  sought by t h e  t e a m .  I n  some cases t h e  researcher  asked 
f o r  a p a r t i c u l a r  category of information but  i n  order  t o  broaden t h e  base  
of information,  t h e  team looked f o r  a d i f f e r e n t  category.  For example, one 
r e sea rche r  asked t h e  t e a m  t o  look f o r  a n  instrument  f o r  d i g i t i z i n g  t h e  
output  of a pantograph used t o  trace t h e  o u t l i n e  of t h e  h e a r t  on a 
cineradiograph.  This  d i g i t a l  d a t a  w a s  t o  b e  used t o  c a l c u l a t e  h e a r t  volume. 
Ins t ead ,  t h e  t e a m  looked f o r  gene ra l  methods of measuring h e a r t  volume 
us ing  cineradiographs and, as a r e s u l t ,  d i sc losed  a new approach t o  
t h e  problem of h e a r t  volume measurement t h a t  w a s  a s i g n i f i c a n t  improvement 
over e x i s t i n g  methods. 
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Table 2 
Types of Transfers  and Problems. 
Category Problems Transfers  
Number Percent  Number Percent  
I. Approach 11 2 43.1 13 27 
II. Hardware 94 36.1 25 52 
a. O p t i c a l  
b. F l u i d i c  
c. E l e c t r o n i c  
d . Mechanical 
e. Sonic 
f .  Thermal 
g. Magnetic 
h. Chemical 
111, Materials Technology 26 


















I n  Table 2 n o t e  t h a t  t h e  t o t a l  of t h e  t r a n s f e r  column is  48 
although Table 1 states t h a t  41  t r a n s f e r s  have occurred. This  i s  because 
7 t r a n s f e r s  are l i s t e d  i n  two ca tegor ies .  This a l s o  i s  t h e  reason why 
t h e  t o t a l  of t h e  problem column i s  260 when i n  f a c t  only 225 problems have 
been considered by t h e  team. Thi r ty- f ive  of t h e  problems can reasonably 
be considered i n  two c a t e g o r i e s .  
These r e s u l t s  demonstrate t h a t  t h e  l a r g e s t  number of t r a n s f e r s  are 
of t h e  hardware category. Note t h a t  52% of t h e  t r a n s f e r s  are of t h e  hardware 
category while  only 36.1% of t h e  problems are of t h e  hardware ca tegor ies .  
Thus, the hardware category conta ins  n o t  only a m a j o r i t y  of t h e  number of 
t r a n s f e r s  bu t  a l s o  is t h e  category wi th  t h e  h i g h e s t  percentage of success .  
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The second most s i g n i f i c a n t  ca tegory  i s  t h a t  of approach which 
c o n s i s t s  of 27% of t h e  t r a n s f e r s  and 43% of t h e  problems. 
has a lower percentage success  than  does t h e  hardware category.  
is clear t h a t  t h e  hardware category is most success fu l  bo th  from t h e  
s t andpo in t s  of p r o b a b i l i t y  of s o l u t i o n  and number of problems. This  
information should be  used i n  problem s e l e c t i o n  t o  improve t h e  team 
ef f i c i ency .  
This  category 
Thus , i t  
There are a number of approaches t o  obta in ing  s o l u t i o n s  as d iscussed  
i n  t h e  Introduct ion,and t h e  knowledge of which sources  are most product ive 
w i l l  improve t h e  t e a m  e f f i c i ency .  Table 3 l ists  t h e  sources  of so lu t ions .  
Category A r e f e r s  t o  t h e  responses  received from t h e  NASA f i e l d  c e n t e r s  from 
problem a b s t r a c t s  c i r c u l a t e d  by t h e  Technology U t i l i z a t i o n  Of f i ce r s .  
t e a m  c i r c u l a t e s  q u a r t e r l y  r e p o r t s  t o  t h e  NASA f i e l d  c e n t e r s  and t h e  
t r a n s f e r s  of Category B o r ig ina t ed  from suggest ions generated by t h e  
f i e l d  c e n t e r s  a f t e r  reading problem d e s c r i p t i o n s  i n  these  r e p o r t s .  Computer 
searches  of t h e  aerospace d a t a  bank comprise t h e  s o l u t i o n s  of Category C y  
and manual searches  by t h e  t e a m  comprise Category D. 
inc luding  t h a t  gained from previous problems comprises Category E. Some 
s o l u t i o n s  are found i n  t h e  commercial l i t e r a t u r e , a n d  t h i s  i s  t h e  Category F. 
A s  with  t h e  previous t a b l e  t h e  t o t a l  ( 4 7 )  of t h e  t r a n s f e r  column exceeds 
t h e  a c t u a l  number (41) of t r a n s f e r s  because some t r a n s f e r s  reasonably 





Sources of Solu t ion .  
Source Number of T rans fe r s  
A. Problem Abst rac t  5 
B. Report Response 1 
C. Computer Search 13 
D. Manual Search 15 
E. Experience 1 0  
F. Commercial - 3 
47 








Note t h a t  t h e  primary sources  of s o l u t i o n s  are t h e  computer search  
and t h e  manual search'. Experience a l s o  is a s i g n i f i c a n t  source which 
v a l i d a t e s  t h e  concept of a m u l t i d i s c i p l i n a r y  t e a m  approach. The f a c t  t h a t  
only 10.6% of t h e  s o l u t i o n s  came from problem a b s t r a c t s  does no t  mean t h a t  
t h e  problem a b s t r a c t s  are i n e f f i c i e n t .  On t h e  con t r a ry ,  problem a b s t r a c t s  
are submitted only a f t e r  t h e  team has  searched f o r  a s o l u t i o n  both manually 
and us ing  t h e  computer. 
"hard-core" problems, b u t  t h e  t e a m  p l ans  t o  inc rease  t h e  u s e  of problem 
Thus,the problem a b s t r a c t s  are used only on 
a b s t r a c t s  i n  t h e  f u t u r e  t o  more e f f e c t i v e l y  u t i l i z e  t h i s  va luab le  t o o l  
of t h e  t r a n s f e r  process .  A f u r t h e r  source  of s o l u t i o n s ,  commercial 
l i t e r a t u r e ,  is  appropr i a t e ly  s m a l l .  
Another s i g n i f i c a n t  f a c t  regard ing  t h e  t r a n s f e r  process  can be seen 
by observing t h e  number of t r a n s f e r s  by t i m e  of t h e  year  as shown i n  Table 4. 
The f i r s t  qua r t e r  begins  on June 15 and covers  t h e  summer per iod.  
t h a t  t h e  number of t r a n s f e r s  i s  low; t h i s  probably can be a t t r i b u t e d  t o  t h e  f a c t  
Note 
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t h a t  many of t h e  r e sea rche r s  are away dur ing  t h e  summer. I n  a d d i t i o n ,  
those r e s e a r c h e r s  wi th  c l i n i c a l  d u t i e s  are unusual ly  busy because of 
t h e  r educ t ion  i n  s t a f f  caused by vaca t ions .  
of t e a m  a c t i v i t y  a t  t h e  medical  schools ,and t h e  t e a m  spends much time 
working on e x i s t i n g  problems. 
year,and many r e sea rche r s  are involved i n  new classroom d u t i e s  as w e l l  as 
preparing proposa ls  f o r  t h e  November N I H  deadl ine .  By t h e  t h i r d  qua r t e r  
t h e  team ac t iv i t ies  are most f r u i t f u l  a l though some reduct ion  i s  seen  by 
t h e  f o u r t h  qua r t e r .  Knowledge of t h i s  seasonal  v a r i a t i o n  enables  t h e  t e a m  
t o  concen t r a t e  on new problems when t h e  r e sea rche r s  are a v a i l a b l e  and t o  
work on e x i s t i n g  problems when r e sea rche r s  are unavai lab le .  
The end r e s u l t  i s  a low level 
The second qua r t e r  begins  wi th  t h e  academic 
Table 4 
The Number of T rans fe r s  as a Function of Contract  Quarter 
f o r  t h e  Three Contract  Years. 
Contract  Quarter  
Contract  Year 1 2 3 4  
19 66- 1967 0 1 3 0  
1967-1968 0 4 8 8  
1968-1969 4 1 9 3  
TOTAL 4 6 20 11 
During t h e  t h r e e  yea r s  of t e a m  a c t i v i t y  t h e  experimental  process  has  
caused a n  improvement i n  e f f i c i e n c y .  
shows t h e  t r a n s f e r s  and new problems by c o n t r a c t  year .  
r a t i o  of t r a n s f e r s  t o  new problems has  improved because t h e  team has learned 
This  can be seen  i n  Table 5 which 
Note t h a t  t h e  
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t o  select problems wi th  a g r e a t e r  p r o b a b i l i t y  of success ,  as w e l l  as 
learned  
emphasis on t h e  experimental  approach w i l l  undoubtedly improve t h e  t e a m  
e f f i c i e n c y  s t i l l  f u r t h e r .  
how t o  s o l v e  problems i n  a more e f f i c i e n t  manner. Continued 
Table 5 
Number of T rans fe r s  and New Problems as a Function of Contract  
Year. Note t h e  Improving Rat io  of T rans fe r s  t o  New Problems. 
Contract  New 
Year Trans fe r s  Problems 




1 7  
68 
53 
Another area of i n t e r e s t  concerns t h e  t r a n s f e r s  as a func t ion  of u se r  
i n s t i t u t i o n .  Table 6 summarizes t h i s  information as w e l l  as t h e  number of 
problems. 
occur where more a c t i v i t y  has  occurred. 
have occurred a t  Wake Fores t  Univers i ty  and Duke Univers i ty .  
a t t r i b u t e d  t o  t h e  q u a l i t y  of t h e  consu l t an t  a t  each school  as w e l l  as t o  
a con t inu i ty  of e f f o r t .  
consu l t an t  w i l l  c o n t r i b u t e  t o  a uniform a c t i v i t y .  
Univers i ty  and Duke Univers i ty  t h e  t e a m  has  had a consu l t an t  cont inuously,  
and each consu l t an t  has  a broad experience i n  bioengineer ing.  
of North Carol ina is  a n  example of t h e  oppos i te  s i t ua t ion , and  as a r e s u l t  
t h e  success  has  been lower. I n  t h e  o the r  e i g h t  schools  l i s t e d  i n  Table 6 
Both numbers are needed because more t r a n s f e r s  w i l l  obviously 
Note t h a t  most of t h e  t r a n s f e r s  
This  can be 
These two f a c t o r s  are r e l a t e d  because a good 
A t  both Wake Fores t  
The Univers i ty  
15 
Table 6 
Problem and Transfer  Summary f o r  Each User I n s t i t u t i o n .  
Number of Number of Percent  
School Problems Trans fe r s  Success 
Wake Fores t  
Univers i ty  67 15 21.7 
Duke Univers i ty  4 9  11 22.0 
Univers i ty  of 
North Carol ina 52 
7 North Caro l ina  S t a t e  Univers i ty  
Univers i ty  of 
North Carol ina 




I n s t i t u t e  of 




Miscellaneous 2 1 50.0 
Hosp i t a l  f o r  
Spec ia l  Surgery 2 1 50.0 
Veterans 
Adminis t ra t ion 3 0 
Hospi ta l  
Rockefe l le r  
Univers i ty  
Monte F iore  
Ho s p  i ta 1 
Alber t  E i n s t e i n  
I n s  t i  t u  te 
0 
2 0 0 
2 0 0 
2 0 0 
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a t o t a l  of 30 problems have been considered wi th  f i v e  t r a n s f e r s  r e s u l t i n g ,  
which i s  a lower percentage  success  than  t h a t  ob ta ined  a t  Duke Un ive r s i ty  
and Wake Fores t  Un ive r s i ty  where a major continuous e f f o r t  has  been 
sus t a ined .  This  d a t a  i n d i c a t e s  t h a t  team a c t i v i t y  i s  more e f f i c i e n t  i f  
concentrated and must be  considered as t h e  team expands t h e  number of 
u se r  i n s t i t u t i o n s .  It i s  clear from t h e  above d a t a  t h a t  i f  only a few 
problems are considered a t  each school ,  t h e  e f f i c i e n c y  may be lower. 
w i th in  t h e  l i m i t a t i o n s  of a v a i l a b l e  manpower, t h e  number of schools  must 
be c a r e f u l l y  expanded. 
Thus, 
2 .2  Transfer  Reports 
A s  i nd ica t ed  i n  t h e  preceding,  t h e  d e t a i l s  of t h r e e  t r a n s f e r s  have 
not  appeared i n  previous r e p o r t s  and are included here .  
DU-40 
D i f f e r e n t i a l  Pressure  Transducer f o r  Cardiac Catheter  
D r .  C. Frank Starmer and D r .  J. C. Greenf ie ld ,  
Duke Univers i ty  Medical Center 
Team Member - D r .  F. T. Wooten 
Problem Acquired - November 19,  1968 
Transfer  Made - A p r i l  21, 1969 
Elapsed T i m e  - 5 months 
Descr ip t ion  of Problem: 
The gene ra l  s u b j e c t  of h e a r t  d i s e a s e  is  r ece iv ing  a major r e sea rch  
e f f o r t .  
p re s su re  and flow r e l a t i o n s h i p  i n  t h e  arteries. 
One method of d iagnos is  of h e a r t  d i s e a s e  is t o  s tudy t h e  
One of t h e  few techniques 
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a v a i l a b l e  f o r  t h i s  s tudy  i s  t o  i n s e r t  a c a t h e t e r  i n t o  t h e  a r t e r y  and 
t o  measure p re s su re  a t  two p o i n t s  a long t h e  c a t h e t e r .  From t 
ment t h e  f low can  be determin i t h  t h  
the  t ransducer  used f o r  t h e  flow measurement. 
The r e sea rche r  d e s i r e s  a t ransducer  t o  measure t h e  d i f f e r e n t i a l  
p re s su re  between two p o i n t s  i n  t h e  human a r t e r y  from which f low c a l c u l a t i o n s  
can be made. Improvements d e s i r e d  over e x i s t i n g  techniques inc lude  higher  
frequency response,  g r e a t e r  r e s o l u t i o n ,  and smaller s i z e .  
Descr ip t ion  of Solu t ion :  
Information from a previous search ,  #1128, "Blood Flow Meters", 
w a s  appl ied  t o  t h i s  problem. Although t h e  r e s e a r c h e r s  found t h i s  
i n t e r e s t i n g ,  no s p e c i f i c  s o l u t i o n  w a s  found. 
A manual search  of t h e  aerospace commercial l i t e r a t u r e  d i sc losed  a 
s m a l l  p r e s su re  t ransducer  manufactured by I n t e r n a t i o n a l  Technical  
I n d u s t r i e s ,  Santa Cruz, Ca l i fo rn ia .  This  t ransducer  (Figure 1) had been 
designed t o  measure p re s su re  i n  s o l i d s  and had never been used i n  t h e  
biomedical f i e l d .  One of t h e  unique f e a t u r e s  of t h e  t ransducer  i s  t h a t  i t  
ope ra t e s  on t h e  p r i n c i p l e  of magnetos t r ic t ion  and can t h e r e f o r e  be made 
extremely s m a l l .  
Manual search  of aerospace commercial l i t e r a t u r e .  
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Benef i t s  t o  be Derived from Transfer :  
This  t ransducer  w i l l  enable  t h e  r e s e a r c h e r s  t o  improve t h e i r  
measurement techniques on blood flow. This  w i l l  add t o  t h e  ever- 
i nc reas ing  knowledge of h e a r t  func t ion .  
(50%) of dea th  i n  t h i s  country.  
Heart d i s e a s e  is  a major cause 
F igure  1. Unmounted and ca the te rmoun ted  t ransducer .  
S c a l e  d i v i s i o n  1 mm. 
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DU-43 
Small Low-Velocity F l i g h t  Balance 
D r .  V. A. Tucker, Duke Univers i ty  
Team Member - D r .  F. T. Wooten 
Problem Acquired - February 7 ,  1969 
Transfer  Made - A p r i l  23, 1969 
Elapsed Time - 2 1 / 2  months 
Descr ip t ion  of Problem: 
D r .  Tucker has  a gene ra l  i n t e r e s t  i n  av ian  f l i g h t .  H e  is i n t e r e s t e d  
i n  both t h e  aerodynamics and e n e r g e t i c s  of f l i g h t .  I n  o rde r  t o  conduct 
t hese  s t u d i e s ,  he c a r r i e d  out  wind tunne l  tests on s m a l l  a i r f o i l s  t h a t  
are r e l a t e d  i n  shape t o  b i r d s .  These wind tunne l  tests are unusual i n  
regard t o  s i z e  of o b j e c t  ( s m a l l )  and air  speed (low). One of t h e  b a s i c  
t o o l s  of wind tunnel  t e s t i n g  i s  a f l i g h t  balance.  It i s  used t o  ob ta in  
t h e  t h r e e  moments and t h r e e  f o r c e s  a c t i n g  on an  a i r f o i l .  One important 
a spec t  of us ing  E? f l i g h t  balance is  t h e  use  of a n  adequate  yaw meter. 
D r .  Tucker would l i k e  t o  ob ta in  an  improved f l i g h t  balance and yaw 
m e t e r ,  
Descr ip t ion  of Solu t ion :  
The computer search  of t h e  NASA l i t e r a t u r e ,  #1604, "Optical  Tracking 
and F l i g h t  Balance," d i sc losed  a va luab le  Russian t r a n s l a t i o n  (N67-21381, 
"Wind Tunnels and Thei r  Instrumentat ion") .  T h i s  document c i t e d  a yaw 
meter used f o r  a i r c r a f t  wind tunne l s  t h a t  could be  adapted t o  t h e  unusual 
requirements of D r .  Tucker. Previous yaw meters had been s e n s i t i v e  t o  
v e l o c i t y  changes a c r o s s  t h e  tunne l ,  but  t h e  new yaw meter w a s  unaf fec ted  
by such changes. 
new yaw meter has  been b u i l t  and is  func t ioning  proper ly .  
D r .  Tucker has  adapted t h e  i d e a  t o  h i s  
Successfu l  Searching Method: 
Computer s ea rch  of t h e  aerospace l i t e r a t u r e .  
Bene f i t s  t o  be Derived from Transfer :  
This  improved yaw m e t e r  w i l l  improve t h e  measurement techniques of 
t h e  researcher .  One important aspec t  of h i s  r e sea rch  program regards  
dynamic soar ing" of b i r d s .  Some b i r d s  are w e l l  known f o r  t h e i r  a b i l i t y  
The u s e  of ver t ica l  
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t o  s t a y  a l o f t  f o r  long per iods  without  wing motion. 
motions of a i r  o r  updra f t s  is w e l l  understood. A less understood technique 
is  "dynamic soar ing" which means using changes i n  h o r i z o n t a l  wind v e l o c i t y  
t o  o b t a i n  l i f t .  This  phenomena, i f  understood, might be app l i cab le  t o  
a i r c r a f t  f l i g h t .  
t o  s tudy  t h i s  phenomenon. 
This  t r a n s f e r  w i l l  improve t h e  r e sea rche r ' s  a b i l i t y  
The r e sea rche r  s t a t e d  t h a t  t h e  source w a s  inva luable  because he 
would no t  have been aware of t h e  document otherwise.  The r e sea rche r  f e l t  
t h a t  t he  a v a i l a b i l i t y  of a t r a n s l a t e d  Russian document w a s  a l s o  inva luable .  
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UNC-51 
An Improved Elec t rode  f o r  Electro-Diagnosis 
M r .  George F. Hamilton, Hand R e h a b i l i t a t i o n  Center, 
Team Member - M r .  Ernest Harr ison,  Jr. 
Un ive r s i ty  of North C a r o l i  
Problem Acquired - A p r i l  16, 1969 
Transfer  Made - May 6,  1969 
Elapsed T i m e  - 3 weeks 
Descr ip t ion  of Problem : 
Elec t ro-d iagnos is  c o n s i s t s  of t h e  a p p l i c a t i o n  of vary ing  f requencies  
and ampli tudes of electrical c u r r e n t  while  observing t h e  minimal muscular 
response of a muscle being t e s t e d .  A s  a r e s u l t  of t h e  test ,  one can make 
a r e l a t i v e l y  o b j e c t i v e  eva lua t ion  of t h e  degree of n e u r a l  l o s s  which 
may e x i s t  i n  a given neuromuscular u n i t .  I n  t h e  performance of t h e  e l e c t r o -  
i 
d iagnos t i c  procedure,  two v a r i a b l e s  are obtained r e l a t i v e  t o  nerve-muscle 
i n t e g r i t y .  One i s  t h e  chronaxie ,  which is  a measure of t h e  amount of 
time t h a t  an electrical c u r r e n t  must f low i n  o rde r  t o  cause a given minimal 
muscle response.  
demonstration of t h e  s t r e n g t h  of t h e  c u r r e n t  as a func t ion  of t h e  l eng th  of 
The second i s  a s t rength-dura t ion  curve,  which i s  a 
time t h e  c u r r e n t  must f low t o  produce a minimal muscle response.  By 
observing t h e s e  two v a r i a b l e s ,  one can ob ta in  an  i n d i c a t i o n  of t h e  degree 
of n e u r a l  depress ion  which may exist i n  a given muscle. 
A hand-held e l e c t r o d e  ( t h e  e l e c t r o d e  w i l l  vary  wi th  t h e  s i z e  of t h e  
muscle) i s  used t o  d e l i v e r  electrical shock t o  a muscle whi le  t h e  opera tor  
observes muscle response i n  t h e  most i r r i t a b l e  f i b e r s .  The o b j e c t i v e  
of t h e  procedure is t o  record t h e  v a r i a t i o n  which e x i s t s  i n  electrical 
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s t r e n g t h  o r  electrical p u l s e  d u r a t i o n  c h a r a c t e r i s t i c  as t h e  muscle is 
s t imula ted  t o  o b t a i n  a cons tan t  muscle response.  
A s i g n i f i c a n t  problem during t e s t i n g  is  t h e  maintenance of a given 
p o s i t i o n  on t h e  muscle so t h a t  t h e  same muscle f i b e r s  are observed throughout 
t h e  examination. 
t h e  examination per iod ,  i t  w i l l  produce a d i s t o r t i o n  i n  t h e  recording process  
and, as a r e s u l t ,  g ive  a less r e l i a b l e  test. A second problem which 
e x i s t s  i n  t h e  use  of t h e  hand-held e l e c t r o d e  i s  t h e  v a r i a t i o n  i n  t h e  muscle 
response which w i l l  occur with changes i n  t h e  p re s su re  of t h e  e l e c t r o d e  
as i t  is appl ied  t o  t h e  sk in .  I f  t h e  e l e c t r o d e  is  pressed f i rmly  a g a i n s t  
t h e  sk in ,  a given response w i l l  be  obtained.  I f  t h e  p re s su re  is  a l t e r e d  
i n  t h e  area t e s t e d ,  a v a r i a t i o n  i n  t h e  muscle response w i l l  occur.  These 
two problems r ep resen t  t h e  major d e f i c i e n c i e s  i n  t h e  e lec t ro-d iagnos t ic  
procedure and are of such a magnitude t h a t  t h e  test, t o  be proper ly  done, 
r e q u i r e s  t h e  use  of two ope ra to r s .  I n  t h i s  technique,  one opera tor  i s  
used f o r  recording and manipulating t h e  machine and a second opera tor  t o  
hold t h e  e l e c t r o d e  and observe t h e  muscle response.  
e l imina te  these  problems is des i r ed  t o  improve t h e  accuracy of t h e  procedure. 
It i s  a l s o  d e s i r a b l e  t h a t  t h e  procedure be s i m p l i f i e d  t o  t h e  e x t e n t  t h a t  
I f  t h e  hand-held e l e c t r o d e  i s  moved a t  any t i m e  during 
An e l e c t r o d e  t o  
only one t h e r a p i s t  is  requi red  t o  adminis te r  
Descr ip t ion  of Solu t ion :  
Information from a NASA Technical  Note, 
f o r  Phys io logica l  Monitoring," C. W. Pa t t en ,  
w a s  appl ied  t o  t h i s  problem. A v a r i a t i o n  of 
t h e  tests. 
TN D-3414, "Dry Elec t rodes  
F. B. Ramme, and James Roman, 
t h e  NASA-developed spray-on 
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e l e c t r o d e  w a s  found t o  be  a n  i d e a l  s o l u t i o n  t o  t h i s  problem. The spray-on 
e l e c t r o d e  p a s t e  is mixed j u s t  as is  done when a p p l i c a t i o n  of t h e  e l e c t r o d e  
is  by spray-on techniques.  However, i n  t h i s  case, a s m a l l  e l e c t r o d e ,  
approximately one-quarter inch  i n  d iameter ,  is pa in ted  on wi th  a brush o r  
daubed on wi th  a c i r c u l a r  c ross -sec t ion  dowel. The s k i n  i s  prepared 
f o r  e l e c t r o d e  a p p l i c a t i o n  by thorough c leans ing  t o  remove dead s k i n  t i s s u e  
and s k i n  o i l s .  Conventional e l e c t r o d e  g e l  i s  spa r ing ly  appl ied .  The 
s k i n  is then  wiped wi th  a c l e a n  c l o t h ,  and t h e  e l e c t r o d e  is  appl ied .  
Successful  Searching Method: 
Knowledge of t h e  "dry e lec t rode"  technique w a s  t h e  r e s u l t  of informa- 
t i o n  searching  on o the r  biomedical problems, s p e c i f i c a l l y ,  t h e  f i r s t  u se  
of d ry  e l e c t r o d e s  made by t h e  Midwest Research I n s t i t u t e  i n  connection wi th  
Biomedical Problem KU-1, "Spray-On Electrodes."  I n  t h i s  a p p l i c a t i o n  t h e  
e l ec t rodes  w e r e  used f o r  EKG monitoring. Addi t iona l  information on t h e  
technique has  been obtained from M r .  C l in ton  Johnson, NASA F l i g h t  Research 
Center,  Edwards, Ca l i fo rn ia .  The dry  e l ec t rode  technique has ,  i n  add i t ion ,  
been appl ied  t o  t h e  monitoring of EMG s i g n a l s  by t h e  Research Tr iangle  
I n s t i t u t e ' s  Biomedical Appl ica t ion  Team i n  connection wi th  Biomedical Problem 
UNC-48, "An Improved EMG Elec t rode  f o r  Hand Therapy". 
Benef i t s  t o  be Derived from Transfer :  
The "paint-on" e l ec t rodes  permit : 
1. Maintenance of a p r e c i s e  p o s i t i o n  on t h e  muscle so  
t h a t  t h e  same muscle f i b e r s  are under observa t ion  
during t e s t i n g  . 
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2. Maintenance of cons tan t  e l e c t r o d e  p res su re  
throughout t h e  test procedure.  
3 .  One-man ope ra t ion  so  t h a t  one of t h e  two 
t h e r a p i s t s  prev ious ly  r equ i r ed  can be  f r e e d  
t o  treat o the r  p a t i e n t s .  
The "paint-on" e l e c t r o d e  has  solved t h e  major d i f f i c u l t i e s  t h a t  
t h e r a p i s t s  encounter i n  adminis te r ing  chronaxie  and s t rength-dura t ion  
t e s t i n g  t o  a i d  i n  t h e  d i agnos i s  of p e r i p h e r a l  nerve l e s i o n s .  
e l e c t r o d e  i s  i n  r egu la r  c l i n i c a l  u se  a t  t h e  Hand R e h a b i l i t a t i o n  Center.  
The "paint-on" 
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3.0 PROBLEM STATUS SUMNARY 
Problems which are being inves t iga t ed  by t h e  RTI  Biomedical 
Appl ica t ion  Team are gene ra l ly  c l a s s i f i e d  as active o r  c losed .  
problems are f u r t h e r  subdivided according t o  t h e  progress  o r  phase of 
t h e  i n v e s t i g a t i o n .  
t r a n s f e r  i s  accomplished o r  i t  is judged t h a t  f u r t h e r  i n v e s t i g a t i o n  is 
not  l i k e l y  t o  produce u s e f u l  r e s u l t s  i n  a reasonable  t i m e .  Closed 
problems are coded according t o  s p e c i f i c  reasons f o r  such ac t ion .  This  
s e c t i o n  con ta ins  a complete summary and a n a l y s i s  of problems which were 
a c t i v e  a t  t h e  end of t h i s  r epor t ing  per iod and problems which w e r e  c losed  
during t h e  r epor t ing  per iod.  
Active 
Problems are gene ra l ly  c losed when e i t h e r  a technology 
3.1 Act ive Problems 
3.1.1 Act ive Problem Categories  
The t e r m  "act ive" means t h a t  t h e  problem i s  s t i l l  under 
cons ide ra t ion  
review o r  a cont inuing i n v e s t i g a t i v e  bas i s .  It is  i m p l i c i t  i n  t h e  fol lowing 
d i scuss ion  t h a t  t h e  problems are considered t o  have a s u f f i c i e n t l y  h igh  
p r o b a b i l i t y  of s o l u t i o n  as t o  warrant  f u r t h e r  a c t i v i t i e s .  
and t h a t  s o l u t i o n s  are being sought e i t h e r  on a r egu la r  
I n  t h e  Active Problem Summary, Table 7 ,  active problems are divided 
i n t o  t h e  fol lowing s i x  s t a t u s  ca t egor i e s :  
A. Problem D e f i n i t i o n  
Problem d e f i n i t i o n  inc ludes  t h e  i d e n t i f i c a t i o n  of 
s p e c i f i c  technology-related problems through d i s -  
cuss ions  with biomedical i n v e s t i g a t o r s  and t h e  
p repa ra t ion  of func t iona l  d i s c r i p t i o n s  of problems 
us ing  nondisc ip l inary  terminology. 
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B. Information Searching 
Information r e l e v a n t  t o  a s o l u t i o n  is  being sought 
by computer and/or  manual information searching.  
C. Problem Abst rac t  Dissemination 
An information sea rch  has  revealed no p o t e n t i a l  
so lu t ions ,and  a problem a b s t r a c t  is  being 
c i r c u l a t e d  t o  i n d i v i d u a l  s c i e n t i s t s  and engineers  a t  
NASA centers and con t r ac to r  f a c i l i t i e s  t o  s o l i c i t  
suggest ions.  
D. Evaluat ion 
P o t e n t i a l l y  u s e f u l  information o r  technology has  
been i d e n t i f i e d  and is  being evaluated by the  
t e a m  and/or  t h e  problem o r i g i n a t o r .  
E. P o t e n t i a l  Transfer  
Information o r  technology has  been evaluated and 
found t o  be of p o t e n t i a l  va lue  but  has  no t  been 
appl ied .  
F. Follow-up A c t i v i t y  
A technology t r a n s f e r  has been accomplished, bu t  
f u r t h e r  a c t i v i t y  ( i .e. ,  documentation, ob ta in ing  
experimental  v a l i d a t i o n  of u t i l i t y ,  cont inuing 
modi f ica t ion ,  e t c . )  is  requi red .  
3.1.2 Active Problem Summary Data 
The s t a t u s  of a l l  active problems is  presented i n  Table 7 .  
The information included i n  t h i s  t a b l e  g ives  problem number and t i t l e ,  
d a t e  accepted,  and a s t a t u s  code f o r  t h e  s i x  c a t e g o r i e s  def ined i n  t h e  
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3.1.3 Analysis  of Act ive  Problem Summary Data 
The s t a t u s  of  p r e s e n t l y  active problems are f u r t h e r  
summarized i n  Table 8 as t o  t h e  numbers of problems, t h e  percentage of 
t h e  t o t a l  number of active problems i n  each ca tegory ,  and t h e  average 
number of months t h a t  t h e  problems i n  each ca tegory  have been active. 
These d a t a  are u s e f u l  i n  eva lua t ing  t h e  present  s t a t u s  of t h e  RTI  Biomedical 
Appl ica t ion  Team Program and i n d i c a t e  where a c t i o n  should be taken t o  
enhance t h e  e f f e c t i v e n e s s  of t h i s  e f f o r t .  
General ly ,  t h e  d a t a  i n d i c a t e  t h a t  t h e  major p a r t  of t h e  program a t  
present  i s  being devoted t o  computer and manual information searches ,  
eva lua t ions  of information obtained from searches ,  and follow-up a c t i v i t y  
r e l a t e d  t o  technology t r a n s f e r s  which have a l r eady  been accomplished. 
They f u r t h e r  i n d i c a t e  a ve ry  low level of problem a b s t r a c t  a c t i v i t y .  
has  been pointed ou t  i n  prev ious  q u a r t e r l y  progress  r e p o r t s  t h a t  i t  i s  
d i f f i c u l t  t o  main ta in  c l o s e  con tac t  wi th  medical  i n v e s t i g a t o r s  a t  
u n i v e r s i t i e s  during t h e  summer months. Thus, t h e  low number of p o t e n t i a l  
t r a n s f e r s  r e f l e c t s  t h e  fact t h a t  t h e  a p p l i c a t i o n  t e a m  has  phased i t s  
activit ies such t h a t  a s i g n i f i c a n t  p a r t  of i ts e f f o r t  dur ing  t h e  summer 
months can be  devoted t o  information searching  and t o  eva lua t ion  of search  
r e s u l t s  as opposed t o  eva lua t ing  p o t e n t i a l  t r a n s f e r s  which r e q u i r e s  c l o s e  
cont inuing con tac t  w i t h  t h e  medical i n v e s t i g a t o r .  
It 
F i n a l l y ,  cons ider  t h e  average number of months t h a t  problems i n  
each of t he  c a t e g o r i e s  have been active. I n  p a r t i c u l a r ,  no te  t h a t  cases 
i n  t h e  sea rch  category have been active somewhat longer  than  those  cases 
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which have proceeded t o  t h e  e v a l u a t i o n  s tage .  
t h e  screening  process  a t  t h e  search  l e v e l  i s  poss ib ly  not  as e f f e c t i v e  
as it  should be. By screening process  i s  meant t h e  r o u t i n e  review of a l l  
a c t i v e  problems t o  determine i f  t h e  problem should remain a c t i v e  o r  should 
be closed. 
i n  t h e  search  category is  a n  i n d i c a t i o n  of  t h e  need f o r  improved criteria 
f o r  c l o s i n g  problems and/or a more o b j e c t i v e  a p p l i c a t i o n  of such criteria 
during problem reviews. 
of t h i s  r e p o r t  are c o n t i n u a l l y  being modified t o  improve t h e  e f f e c t i v e n e s s  
and e f f i c i e n c y  of NASA's Biomedical Applicat ion Team Program. 
This  i s  an i n d i c a t i o n  t h a t  
The excess ive  per iod of time f o r  which some problems remain 
These c r i t e r i a , w h i c h  a r e  discussed i n  Sec t ion  3.2, 
Table 8 
Act ive Problem Summary Data. 
Category 




- A. D e f i n i t i o n  0 0 
B. Search 45 56.3 11.3 
C. Abs t rac t  1 1 . 2  3.0 
D. Evaluat ion 19 23.8 9.2 
E. P o t e n t i a l  Transfer  2 2.4 5.0 
16.3 14.4 -13 F. Follow-up -
A l l  Active Problems 80 100. 10.9 
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3.2.1 Griter 
A p e r i o d i c  review is  conducted of a l l  problems i n  order  
t o  e l i m i n a t e  those  problems which are no longer  considered t o  be a c t i v e .  
Problems are c losed  when a technology t r a n s f e r  has  been accomplished 
and a l s o  when i t  is judged t h a t  a s o l u t i o n  cannot be found and/or app l i ed  
i n  a reasonable  time. 
Reasons f o r  c los ing  t h e  problems are d iv ided  i n t o  t h e  fol lowing 
ca t egor i e s :  
A ___ Transfer  accomplished. 
B _-_ Researcher has  no f u r t h e r  i n t e r e s t  i n  t h e  problem. 
c --- Researcher has  found h i s  own s o l u t i o n .  
D --- A s  a r e s u l t  of personnel  t r a n s f e r  i n  t h e  medical  i n s t i t u t i o n s ,  
t h e  problem has e i t h e r  been c losed  o r  t r a n s f e r r e d  t o  another  
i n s t i t u t i o n  
new number. 
along wi th  t h e  i n v e s t i g a t o r  and has  been given a 
E __- No presen t  o r  fo re seeab le  f u t u r e  NASA technology app l i cab le .  
H __- S a t i s f a c t o r y  s o l u t i o n  i d e n t i f i e d  by t e a m  and v e r i f i e d  by 
r e sea rche r  bu t  t r a n s f e r  cannot be completed by r e sea rche r  f o r  
reasons of economy o r  l a c k  of resources .  
1 --- Problem as o r i g i n a l l y  s t a t e d  w a s  t oo  broad o r  genera l .  
e a m  i s  p resen t  
research,and d 
rs involved are c o s t / b e n e f i t  
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Communication P r o j e c t  a t  George Washington Univers i ty .  
3 . 2 . 2  Summary of Closed Problems 
Table 9 con ta ins  those  problems which w e r e  c losed  dur ing  
t h e  r e p o r t i n g  per iod  of 15 June 1968 t o  1 4  June 1969. 
those  problems which w e r e  c losed  dur ing  t h e  per iod  from 15 June 1967 t o  
Table 10 con ta ins  
14 June 1968. N o  problems were c losed  p r i o r  t o  June of 1967. 
3 . 2 . 3  b n a l y s i s  of Closed Problem Summary Data 
I n  order  t o  f a c i l i t a t e  an  a n a l y s i s  of t h e  d a t a  contained i n  
Tables 9 and 10,  t h e s e  d a t a  have been f u r t h e r  summarized and are presented 
i n  Table 11. Table 11 presen t s  t h e  numbers of problems c losed ,  t h e  
percentages of problems c losed ,  and t h e  t i m e  t h e s e  problems remained a c t i v e  
f o r  each of t h e  n i n e  c a t e g o r i e s  f o r  which problems can be  c losed .  The 
d a t a  contained i n  t h i s  t a b l e  r ep resen t  a l l  c losed  problems f o r  t h e  per iod 
. .  
15 June 1967 t o  14 June 1969. Data f o r  each of t h e  two  yea r s  represented  
he re  are a v a i l a b l e  on an  i n d i v i d u a l  yea r ly  b a s i s .  
made t o  compare t h e s e  d a t a  f o r  each of t h e  two time periods.  A comparison 
of t h e  e f f e c t i v e n e s s  of o e m  review o r  scre i n g  process  w a s  no t  
poss ib l e  because a s i g n i f  
and screening  w a s  e f f e c t  
Addi t iona l ly ,  t h e  criteria f o r  c los ing  problems has  been changed dur ing  
An a t tempt  has  been 
increased  a t t e n t i o n  t o  problem review 
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Summary of data in Tables 9 and 10: 
problems (15 June 1967 to 14 June 1969. 
closed 
CATEGORY NUMBER OF PROBLEMS PERCENTAGE OF PROBLEMS TIME PROBLEMS 
CLOSED CLOSED WERE ACTIVE 
(months) 
A 28 19.5 11.2 
B 48 32.6 15.2 
C 6 4.1 14.0 
D 13 9.0 18.3 
E 10 7.0 19.8 
H 5 3.5 16.2 
I 22 15.3 13.7 
J 11 7.6 8.9 
K 2 1.4 
- 
8.5 
TOTAL 145 100.0 
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t h i s  per iod.  
f o r  which t h e s e  d a t a  have been generated.  
Many of t h e  problems w e r e  a c t i v e  dur ing  p a r t s  of both y e a r s  
An a n a l y s i s  of t h e  cumulative d a t a  on c losed  problems is ,  however, 
both very  i n t e r e s t i n g  and a t  t h e  same t i m e  i n s t r u c t i v e .  
t h e  percentage of problems which have been c losed  i n  each of t h e  n i n e  
ca t egor i e s .  
t r a n s f e r  are approximately 20 pe rcen t  of t h e  t o t a l  number of problems 
t h a t  have been closed and which r e q u i r e  a b s o l u t e l y  no f u r t h e r  a c t i o n  on 
t h e  p a r t  of t h e  Biomedical Appl ica t ion  Team. Of t h e  remaining c a t e g o r i e s ,  
a l l  of which r ep resen t  a c t i v i t y  t h a t  has  not  r e s u l t e d  i n  a t r a n s f e r  of 
technology, t h e  most s i g n i f i c a n t  reason  f o r  c los ing  problems i s  found 
under Category B. A s  pointed out  i n  t h e  preceding,  Category B means t h a t  
t h e  problem o r i g i n a t o r  a t  t h e  medical  i n s t i t u t i o n  has ,  a t  some p o i n t  i n  
t i m e  fol lowing t h e  problem i d e n t i f i c a t i o n  phase of our  a c t i v i t y ,  i nd ica t ed  
t h a t  h e  i s  no longer  i n t e r e s t e d  i n  pursuing a s o l u t i o n  t o  t h e  s t a t e d  
problem. Since t h i s  r ep resen t s  approximately one-third of t h e  problems 
which t h e  t e a m  has  i n v e s t i g a t e d ,  i t  i s  a very  s i g n i f i c a n t  f a c t o r  i n  reducing 
t h e  p o t e n t i a l  e f f e c t i v e n e s s  of t he  Biomedical Appl ica t ion  Team Program. 
Consider f i r s t  
Under Category A ,  cases which have r e s u l t e d  i n  a technology 
It is recommended t h a t  i n  t h e  f u t u r e  t h e  Biomedical Appl ica t ion  Teams 
p l ace  much g r e a t e r  emphasis, i n  e a r l y  screening of problems, on t h i s  f a c t o r .  
More s p e c i f i c a l l y ,  i t  i s  suggested t h a t  problems be  accepted f o r  inves t iga-  
t i o n  only a f t e r  i t  is determined t h a t  t h e  medical i n v e s t i g a t o r s  have 
themselves devoted cons iderable  time and e f f o r t  t o  ob ta in ing  s o l u t i o n s  t o  
t h e  s u b j e c t  problems o r  t o  r e sea rch  p r o j e c t s  which are being a f f e c t e d  by 
t h e  s u b j e c t  problems. 
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The second l a r g e s t  ca tegory  f o r  c l o s i n g  problems without  ob ta in ing  
a t r a n s f e r  of technology i s  Category I. Here t h e  d i f f i c u l t y  has  been 
t h a t  t h e  Biomedical Appl ica t ion  Team members have n o t  def ined  s p e c i f i c  
technology-related problems. Rather ,  they have addressed themselves t o  
broader problems which may i n  f a c t  involve  two o r  more s p e c i f i c  
technologica l  requirements ,  and, because of t h e  complexity of t h e  s t a t e d  
problem, i t  has  n o t  been p o s s i b l e  t o  conduct e f f e c t i v e  computer informa- 
t i o n  searches  o r  t o  communicate e f f e c t i v e l y  t h e  requirements  t o  i n d i v i d u a l  
engineers  and s c i e n t i s t s  a t  NASA Research Centers.  
t he  teams have complete c o n t r o l ,  and by c a r e f u l  a t t e n t i o n  t o  problem 
i d e n t i f i c a t i o n  and s p e c i f i c a t i o n  t h e r e  should be no f u r t h e r  inc idences  of 
problems being c losed  under Category I. Although t h e  remaining seven 
ca t egor i e s  f o r  c los ing  problems r ep resen t  i n d i v i d u a l l y  less than  10 percent  
of t h e  t o t a l ,  they cumulat ively r ep resen t  approximately 35 percent  of a l l  
problems which have been closed.  
emphasis on problem reviews and screening  i n  gene ra l  is requi red .  
Consider next  t h e  per iod  of t i m e  f o r  which problems w e r e  active be fo re  
This  i s  an  area where 
This  i n d i c a t e s  c l e a r l y  t h a t  an  increased  
being c losed  under one of t h e  n ine  ca t egor i e s .  These d a t a  i n d i c a t e  t h a t  t h e  
t e a m  has  devoted cons iderably  more t i m e  (with t h e  except ion of Categor ies  
J and K) t o  unsuccessful  problems than  it has devoted t o  success fu l  
problems. This  f a c t  simply r e i n f o r c e s  t h e  conclusion t h a t  much g r e a t e r  
emphasis must be  placed upon problem reviews and screening.  
A s  a f i n a l  observa t ion  no te  t h a t  only seven pe rcen t  of t h e  problems 
c losed  w e r e  c losed  s p e c i f i c a l l y  f o r  t h e  reason t h a t  no aerospace-generated 
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technology could be  i d e n t i f i e d  as a p o t e n t i a l  s o l u t i o n  f o r  t h e  s u b j e c t  
problems. This  does not  i n d i c a t e  that: s o l u t i o n s  w e r e  found i n  
aerospace-generated technology f o r  93 percent  of t h e  problems. It does 
i n d i c a t e  however t h a t  i n a b i l i t y  t o  i d e n t i f y  t echno log ica l  s o l u t i o n s  t o  
problems has  no t  been t h e  major f a c t o r  i n  reducing t h e  e f f e c t i v e n e s s  of 
t h e  Biomedical Appl ica t ion  Team Program. 
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4.0 SUMMARY OF COMPUTER SEARCH ACTIVITIES 
4.1 In t roduc t ion  
The major source  of information f o r  t h e  Biomedical Appl ica t ion  Team 
Program i s  t h e  computer search  of NASA's Aerospace Information Bank. 
information bank p r e s e n t l y  c o n s i s t s  of approximately 600,000 r e p o r t s ,  
articles, books, and conference papers d a t i n g  from 1962 and covering a l l  
f i e l d s  of i n t e r e s t  t o  aerospace engineers  and s c i e n t i s t s .  Abs t r ac t s  of 
t hese  documents are publ ished i n  t h e  S c i e n t i f i c  and Technical  Aerospace 
Reports (STAR; N-documents) and t h e  I n t e r n a t i o n a l  Aerospace Abs t r ac t s  
(IAA; A-documents). For computer search ing  of t h i s  information bank, 
t hese  a b s t r a c t s  are s t o r e d  on magnetic t ape  and are computer searched 
using l o g i c a l  combinations of any of approximately 15,000 index terms o r  
d e s c r i p t o r s .  Information searches  are performed f o r  t he  R T I  Biomedical 
Appl ica t ion  Team by t h e  North Carol ina Science and Technology Research 
Center,  one of s i x  NASA Regional Dissemination Centers .  Search s t r a t e g i e s  
are formulated j o i n t l y  by members of t h e  Biomedical Appl ica t ion  Team and 
a p p l i c a t i o n s  engineers  a t  t h e  Science and Technology Research Center.  
I n i t i a l  sc reening  of t h e  r e s u l t s  of t he  search  i s  performed a t  t h e  Science 
and Technology Research Center,and more d e t a i l e d  a n a l y s i s  and eva lua t ion  
is performed by members of t h e  Biomedical Appl ica t ion  Team. 
This  
4.2 Summary of Computer Search Evaluat ions 
Because of t h e  importance of t h e  computer search  i n  t h e  technology 
t r a n s f e r  process ,  d e t a i l e d  records  of t h e  r e s u l t s  of t hese  searches  and 
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eva lua t ions  of t h e s e  r e s u l t s  are maintained i n  o rde r  t h a t  t h e  e f f e c t i v e -  
ness  of t h i s  r e source  can be assessed  and t h e  sea rch  procedure can be 
modified when such modi f ica t ion  i s  ind ica t ed .  A summary of t h e s e  d a t a  f o r  
24 computer searches  performed during t h e  preceding 12 months i s  presented 
i n  Table 12. 
4.3 Analysis  of Computer Information Search Data 
Of t h e  24 computer searches  summarized i n  Table 12,  a c t i o n  has  
been completed on 18. Of t h e s e  18 ,  documents r e l e v a n t  t o  t h e  s u b j e c t  
problem w e r e  reques ted  by t h e  problem o r i g i n a t o r  on 10  problems. That is ,  
approximately 50 percent  of computer searches  completed during t h e  
preceding year  have produced r e s u l t s  which are p o t e n t i a l l y  u s e f u l .  
Consider t h e  c h a r a c t e r i s t i c s  of a typicaL computer information search.  
Here a t y p i c a l  s ea rch  w i l l  be  def ined  as a n  average search  us ing  t h e  d a t a  
i n  Table 12. The c h a r a c t e r i s t i c s  are t h e  fol lowing:  
T i m e  - Search I n i t i a t e d  t o  Search Received 1 week 
T i m e  - Search Received t o  Documents Ordered 4 weeks 
Number of H i t s  74 
Number of Documents Requested 9.7 
Number of A-numbered Documents Requested 
Number of N-numbered Documents Requested 
3.6 o r  37.2% 
6.1 o r  62.8% 
It should be  noted t h a t  t h e  average number of documents requested is 
no t  a n  average of t hose  documents requested i n  a l l  24 searches  i n  Table 12  
but  only of t h e  1 0  completed searches  f o r  which documents w e r e  i n  f a c t  
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It is  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  average number of documen 
requested is  approximately 1 3  percent  of t h e  t o t a l  number of c i t a  
i n  t h e  sea rch  bibl iography.  This  i n d i c a t e s  t h a t  t h e  searches  con ta in  a 
r e l a t i v e l y  l a r g e  amount of i r r e l e v a n t  information. This  however is n o t  
s u r p r i s i n g  when one cons iders  t h a t  t h e  search  r e s u l t s  i n  a n  average 
of 7 4  c i t a t i o n s  out  of a t o t a l  of over one-half m i l l i o n  documents. 
Of t h e  t o t a l  number of documents reques ted ,  approximately two-thirds 
are N-numbered documents and one-third are A-numbered documents. The 
N-numbered documents are publ ished i n  STAR and are p r imar i ly  NASA documents 
and o t h e r  government repor t s ,and  t h e  A-numbered documents are publ ished 
i n  IAA and are p r imar i ly  from s c i e n t i f i c  j o u r n a l s ,  books, conferences,  and 
t r a n s l a t i o n s  of f o r e i g n  documents. Thus, two-thirds of t h e  r eques t s  are 
f o r  NASA 
p a r t i a l l y  by t h e  f a c t  t h a t  t h e  medical  r e sea rche r s  have g r e a t e r  access t o  
t h e  open l i t e r a t u r e  than  t o  government r e p o r t s .  
and o t h e r  government r e p o r t s .  This  r a t i o  may be explained 
The average t i m e  requi red  t o  perform a computer search  is  approximately 
one week. The average time requi red  f o r  t h e  i n v e s t i g a t o r  t o  eva lua te  t h e  
search  b ib l iography and o rde r  documents is fou r  weeks. It is  i n t e r e s t i n g  
t o  n o t e  t h a t  f o r  those  cases i n  which a technology t r a n s f e r  w a s  accomplished 
t h e  average time requ i r ed  f o r  t h e  r e sea rche r  t o  o rde r  documents w a s  
approximately 3.5 weeks,and when no t r a n s f e r  w a s  accomplished t h i s  t i m e  w a s  
i n  excess  of f i v e  weeks. This  d i f f e r e n c e  may be due t o  a g r e a t e r  p r o b a b i l i t y  
of success  when working wi th  a n  i n v e s t i g a t o r  who i s  ve ry  anxious t o  ob ta in  
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u s e f u l  information.  
anxious t o  o b t a i n  information when t h e  search  b ib l iog raph ies  appear t o  
be most r e l e v a n t  t o  h i s  problem. 
On t h e  o t h e r  hand t h e  i n v e s t i g a t o r  may be more 
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5.0 APPLICATION ENGI Y 
The real b e n e f i t s  of s f  
f i e l d  of medicine w i l l  n o t  be re 
technology i d e n t i f i e d  i n  t h i s  t r a n s f e r  program are a c t u a l l y  used and 
app l i ed  i n  r e sea rch  and medical p r a c t i c e .  This  a p p l i c a t i o n  i n  many cases 
r e q u i r e s  s i g n i f i c a n t  a p p l i c a t i o n s  engineer ing and , f r equen t ly , the  c r e a t i o n  
of new commercial products .  A t  t h e  p re sen t  t i m e  t h e  a p p l i c a t i o n s  
engineer ing requi red  i n  applying technology i d e n t i f i e d  by t h e  Biomedical 
Appl ica t ion  Teams must be  funded by t h e  problem o r i g i n a t o r  through h i s  
own re sea rch  g r a n t s  and c o n t r a c t s .  
t h e  i n i t i a t i o n  of a p p l i c a t i o n s  engineer ing when r equ i r ed  and assists t h e  
r e sea rche r  i n  obta in ing  t h e  necessary  engineer ing services. 
The a p p l i c a t i o n  t e a m  encourages 
The ac t iv i t ies  of t h e  Biomedical Appl ica t ion  Team which are r e l a t e d  
t o  a p p l i c a t i o n s  engineer ing can be  d iv ided  i n t o  several ca t egor i e s  according 
t o  t h e  engineer ing o rgan iza t ions  involved. I n  t h e  fol lowing s e c t i o n s  
each category i s  d iscussed  sepa ra t e ly .  
5.1 Local Commercial Engineering C a p a b i l i t i e s  
Medical i n v e s t i g a t o r s  gene ra l ly  do no t  have adequate  hardware 
f a b r i c a t i o n  f a c i l i t i e s  o r  engineer ing and t e c h n i c a l  support  f o r  f a b r i c a t i n g  
and applying s p e c i a l  i n s t rumen ta t ion  and devices .  
r e sea rche r  is i n t e r e s t e d  i n  obta in ing  a s i n g l e  pro to type  which r e q u i r e s  
cons iderable  engineer ing e f f o r t  bu t  does not  involve  a l a r g e  market 
p o t e n t i a l .  Thus, i n d u s t r y  is usua l ly  n o t  i n t e r e s t e d  i n  funding t h e  
59 
development r equ i r ed  f o r  bu i ld ing  such prototypes.  Addi t iona l ly ,  t h e  
medical i n v e s t i g a t o r  does n o t  gene ra l ly  have con tac t  wi th  a number of 
manufacturing companies. I n  order  t o  assist t h e  r e sea rche r  i n t e r e s t e d  
i n  ob ta in ing  s p e c i a l  r e sea rch  ins t rumenta t ion  and devices ,  t h e  Biomedical 
Appl ica t ion  Team has  contac ted  a number of r e l a t i v e l y  s m a l l  l o c a l  
engineer ing and manufacturing f i rms  t o  determine i f  they are i n t e r e s t e d  
i n  responding t o  t h e  needs of medical r e sea rche r s  a t  nearby i n s t i t u t i o n s .  
I n  gene ra l ,  t hese  companies have expressed wi l l i ngness  t o  assist i n  
pro to type  development when t h e  ins t rumenta t ion  o r  device  f a l l s  w i th in  
t h e i r  p a r t i c u l a r  area of competence. These companies and t h e i r  s p e c i a l  
c a p a b i l i t i e s  are as fol lows:  
Microtronics  Corporat ion,  P. 0. Box 95, Carrboro,  
N.  C. -- custom e l e c t r o n i c  ins t rumenta t ion  
Payne and Assoc ia tes ,  P. 0. Box 12285, Raleigh 
N. C. -- l i f e  j a c k e t s ,  s u r v i v a l  equipment 
Per ry  E lec t ron ic s ,  P.  0. Box 10217, Raleigh,  N. C. 
-- e l e c t r o n i c  des ign ,  p r i n t e d  c i r c u i t  boards,  
e l e c t r o n i c  modules 
Carol ina Medical E lec t ron ic s ,  Inc . ,  328 27th 
S t r e e t ,  N. W . ,  Winston-Salem, N. C. -- sensors ,  
e l e c t r o n i c  equipment 
Carol ina Narrow Fabr ic  Company, 1036 N. Chestnut 
S t r e e t ,  P. 0. Box 1400, Winston Salem, 
N. C. -- t e x t i l e  equipment 
5.2 S p e c i f i c  Examples of Appl ica t ion  Engineering 
I n  t h e  s o l u t i o n  of a number of active problems, a p p l i c a t i o n s  
engineer ing has  been involved and is repor ted  i n  t h e  t r a n s f e r  summaries. 
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This  a c t i v i t y  has  involved i n d u s t r i a l  concerns as w e l l  as p 
ind iv idua l s .  Because t h e s e  activit ies cover such a broad range,  each 
e f f o r t  is  r epor t ed  s e p a r a t e l y  i n  t h e  fol lowing:  
(1) I n t e r n a t i o n a l  Technical  I n d u s t r i e s ,  4631 S c o t t s  Valley 
Drive, Santa  Cruz, Ca l i fo rn ia .  This  company manufactures a s m a l l  
p r e s su re  t ransducer  f o r  t h e  aerospace indus t ry  t h a t  works on t h e  
magnetos t r ic t ion  p r i n c i p l e .  
DU-40, D i f f e r e n t i a l  P res su re  Transducer f o r  Cardiac Cathe ter .  The 
r e sea rche r  obtained t h e  t ransducer  f o r  measuring blood flow i n  t h e  h e a r t  
us ing  t h e  d i f f e r e n t i a l  p re s su re  method. This  w a s  t h e  f i r s t  t i m e  t h a t  
t h e  t ransducer  has been used i n  t h e  f i e l d  of medicine,  and c e r t a i n  changes 
i n  t h e  t ransducer  w e r e  requi red  which were made j o i n t l y  by I n t e r n a t i o n a l  
Technical  I n d u s t r i e s  and t h e  researcher .  
The devices  r ep resen t  a s o l u t i o n  t o  problem 
(2) F r i g i t r o n i c s ,  525 Broad S t r e e t ,  Bridgeport ,  Connecticut.  
This  company w a s  involved i n  t h e  s o l u t i o n  t o  problem DU-37 concerning t h e  
cool ing  of a s m a l l  s e c t i o n  of h e a r t  muscle. This  company manufactures 
c ryosu rg ica l  t o o l s ,  bu t  t h e  temperature range of t h e i r  instruments  w a s  
below t h a t  requi red  i n  t h e  problem. I n t e r a c t i o n  between t h e  team and t h e  
company produced a des ign  t h a t  would m e e t  t h e  r e s e a r c h e r ' s  s p e c i f i c a t i o n s .  
(3)  D r .  W. W. Cochran, Urbana, I l l i n o i s .  D r .  Cochran des igns  and 
I n  response t o  problem NCSU-4 [6] b u i l d s  equipment f o r  a v i a n  research .  
r equ i r ing  te lemet ry  t r ack ing  equipment f o r  s m a l l  ducks, a s m a l l  t e lemet ry  
u n i t  w a s  designed and b u i l t  t o  m e e t  t h e  needs of a r e sea rche r  a t  North 
Carol ina S t a t e  Univers i ty .  
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( 4 )  Sol id  S t a t e  Radiat ion,  Inc . ,  2261 S. Carmelina, Los 
Angeles, Ca l i fo rn ia .  Sol id  S t a t e  Radia t ion  has  d 
state r a d i a t i o n  probe under NASA con t rac t .  Although n 
NASA c o n t r a c t ,  t h e  company markets a l i n e  of s o l i d  s ta te  r a d i a t i o n  
probes,  most of which are manufactured f o r  u se  by t h e  A t o m i c  Energy 
Commission. The probes w e r e  i d e n t i f i e d  as rep resen t ing  a s o l u t i o n  t o  
problem WF-13, Radia t ion  Detector  f o r  I n  Vivo Measurement of  Absorbed 
Dose. 
Wasson of t h e  Atomic Energy Commission and D r .  Henry S. Katzens te in ,  
P res iden t ,  So l id  S t a t e  Radiat ion,  I n c . ,  t o  o b t a i n  a r a d i a t i o n  probe and 
a s soc ia t ed  equipment f o r  t r i a l  use  i n  t h i s  app l i ca t ion .  
been i n  t h e  hands of t h e  r e sea rche r s  f o r  some months during which t i m e  
ex t ens ive  c a l i b r a t i o n  procedures have been completed and f a m i l i a r i t y  has  
been gained i n  use  of t h e  equipment. I n  v ivo  tests i n  humans are scheduled 
t o  begin i n  t h e  near  f u t u r e .  
Arrangements w e r e  made through the cour tesy  of D r .  Hodge R. 
The u n i t  has  
(5) Biomedical Engineering Department, Bowman Gray School of 
Medicine, Winston-Salem, North Carol ina.  The s o l u t i o n s  t o  two problems, 
WF-3 "Pros the t i c  Valve f o r  Urinary Tract" and WF-30 "An Improved Blood 
Vessel Cons t r ic tor" ,  have requi red  custom machine shop f a c i l i t i e s .  The 
Biomedical Engineering Department a t  Bowman Gray has  a s m a l l  f a c i l i t y  f o r  
such work. 
made as a r e s u l t  of i n t e r a c t i o n  between t h e  Biomedical Appl ica t ion  Team 
and t h e  r e sea rche r s .  
t h e  des igns ,  made c o n s t r u c t i v e  sugges t ions  involving des ign ,  and submitted 
f a b r i c a t i o n  c o s t  estimates t o  t h e  r e sea rche r s .  
During t h i s  year ,  des ign  drawings of t h e  two devices  have been 
The Biomedical Engineering Department has  evaluated 
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( 6 )  P r i v a t e  i n d i v i d u a l  a s s i s t a n c e .  I n  a d d i t i o n  t o  ac t iv i t ies  
wi th  commercial and u n i v e r s i t y  engineer ing o rgan iza t ions ,  t h e r e  has  
been a t  least one i n t e r a c t i o n  between t h e  d i s c i p l i n e s  of engineer ing 
and medicine on a less formal b a s i s .  
i n  t h e  NASA-developed ca rd iac  R-Wave Detector  w a s  u s e f u l  i n  t h e  
s o l u t i o n  of Biomedical Problem WF-52, "Methods of Tr igger ing  from a Fixed 
Reference Poin t  on t h e  ECG Waveform." The r e sea rche r ,  D r .  George S. 
Malindzak, Jr . ,  has obtained t h e  a s s i s t a n c e  of a personal  acquaintance,  
an  electrical  engineer ,  t o  des ign  and b u i l d  a simple R-wave t r i g g e r  u n i t  
based on t h e  des ign  philosophy of t h e  NASA-developed u n i t .  
A p a r t  of t h e  e l e c t r o n i c  c i r c u i t r y  
5 . 3  Appl ica t ion  Engineering a t  t h e  Research Tr i ang le  I n s t i t u t e  
The Reseach Tr i ang le  I n s t i t u t e  has  f a c i l i t i e s  and c a p a b i l i t i e s  t h a t  
have cont r ibu ted  t o  t h e  s o l u t i o n  of a number of problems. 
are  repor ted  i n  t h e  fol lowing paragraphs.  
These ac t iv i t ies  
(1) The I n s t i t u t e  designed,  f a b r i c a t e d ,  and t e s t e d  a s p e c i a l  purpose 
ampl i f i e r  system f o r  recording p o t e n t i a l s  from a mul t ipo la r  e l e c t r o d e  i n  
t h e  hea r t .  Although t h i s  a c t i v i t y  w a s  repor ted  i n  t h e  DU-25 Transfer  
r e p o r t  [ 3 ] ,  s i g n i f i c a n t  a c t i v i t y  has  occurred during t h e  p a s t  year  on t h e  
f a b r i c a t i o n  and t e s t i n g  of t h i s  equipment. 
t h i s  i n i t i a l  system, t h e  r e sea rche r  has  cont rac ted  wi th  RTI  t o  b u i l d  a 
similar system f o r  feeding up t o  50 channels of similar information i n t o  
a d i g i t a l  computer. 
I n  add i t ion ,  as a r e s u l t  of 
This  new system has  been b u i l t  and i s  undergoing t e s t i n g  
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(2) The I n s t i t u t e  has  designed, f a b r i c a t e d ,  and i s  i n  t h e  process  
of t e s t i n g  a s p e c i a l  purpose f i b e r  o p t i c  device  f o r  u s e  i n  sens ing  t h e  
concent ra t ion  of an  i n d i c a t o r  dye t h a t  absorbs l i g h t  i n  t h e  i n f r a r e d .  
The device  i s  designed t o  d e t e c t  t h e  change i n  dye concen t r a t ion  i n  blood 
( i n t o  which a n  i n d i c a t o r  dye has  been i n j e c t e d )  as t h e  blood flows p a s t  
t h e  f i b e r  o p t i c  i l l umina to r  and t r ansmi t t ed  l i g h t  pickup. 
(3 )  The Research Tr i ang le  I n s t i t u t e  has  f a b r i c a t e d  a n  electromyographic 
ampl i f i e r  us ing  c i r c u i t  des ign  information suppl ied  by t h e  Hand R e h a b i l i t a t i o n  
Center of t h e  Univers i ty  of North Carol ina Medical School. 
f ab r i ca t ed ,  t e s t i n g  i s  i n  progress ,  and d e l i v e r y  of t h e  u n i t  t o  t h e  Hand 
R e h a b i l i t a t i o n  Center i s  expected i n  June 1969. 
The u n i t  has  been 
( 4 )  A s  repor ted  on problem DU-20 [ 4 ] ,  a requirement e x i s t e d  f o r  a 
needle  conta in ing  15 e l ec t rodes  spaced 1 mm a p a r t .  Ex i s t ing  f a b r i c a t i o n  
techniques were inadequate  but  a s i g n i f i c a n t  improvement w a s  suggested 
by an  I n s t i t u t e  s t a f f  member which w a s  u t i l i z e d  by Duke Univers i ty  
r e sea rche r s .  
t h e  Biomedical Appl ica t ion  Team. 
The i n t e r a c t i o n  between t h e s e  two groups w a s  s t imula ted  by 
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This  r e p o r t  has  summ 
I n s t i t u t e  Biomedical Applicat ion T 
t o  more e f f e c t i v e l y  analyze t h e  methodology. 
by t h e  experimental  and a n a l y t i c a l  process  is necessary  t o  succ 
u t i l i z e  t h e  Biomedical Appl ica t ion  Team approach. 
below are discussed i n  d e t a i l  i n  t h e  previous s e c t i o n s  of t h i s  r e p o r t .  
Optimization o 
The conclusions presented 
Of a l l  t h e  problems t h a t  have been c losed ,  only seven percent  have been 
closed because t h e r e  w a s  no r e l evan t  aerospace technology. This  does 
no t  imply t h a t  93 percent  of t h e  closed problems w e r e  technology t r a n s f e r s ,  
but  i t  does po in t  ou t  t h e  f a c t  t h a t  l a c k  of technology is  not  a s e r i o u s  
impediment t o  t h e  program. 
The average t i m e  f o r  a t r a n s f e r  w a s  5.25 monthsrwhereas t h e  average 
problem has been a c t i v e  f o r  11.3 months. Comparing these  f i g u r e s ,  one can 
see t h a t  s o l u t i o n s  t o  problems t h a t  r e s u l t  i n  t r a n s f e r s  are found r a t h e r  
e a r l y  as compared wi th  t h e  average t i m e  a l l  problems are a c t i v e .  Consequently, 
i t  appears  t h a t  more emphasis should be placed on review of a c t i v e  problems 
t o  screen  out  those which have low p r o b a b i l i t y  of so lu t ion .  P a r t i c u l a r l y ,  
a problem should r ece ive  c r i t i c a l  review when i t  has  been a c t i v e  f o r  s i x  
months without a t r a n s f e r .  
speaking, t h e  time re s h  a l l  t h e  v a r  
ss f o r  success fu l  sfer process  are s i g n i f i c a n t  
f o r  those  problems f o r  which no t r a n s f e r s  r e s u l t .  For 
example, t h e  average t i m e  t h a t  a researcher  takes  t o  order  documents i s  
5.3 weeks f o r  problems t h a t  do not  r e s u l t  i n  t r a n s f e r s  and 3.5 weeks f o r  
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problems t h a t  do r e s u l t  i n  t r a n s f e r s .  
i n  t h e  review and screening  process  n i g h t  be  t o  p l a c e  t i m  
va r ious  phases of t h e  t r a n s f e r  process .  It is apparent  t h a t  some 
f l e x i b i l i t y  would be  necessary  i n  t h e s e  l i m i t s ,  b u t ,  i f  such limits can 
be evolved, they may e f f e c t i v e l y  s e r v e  as landmarks t o  i n d i c a t e  when a 
This  imp l i e s  t h a t  one improvement 
i t s  on t h e  
problem should r e c e i v e  a d d i t i o n a l  a c t i v i t y  o r  f u r t h e r  eva lua t ion .  
In analyzing t h e  types  of documents t h a t  have been judged r e l e v a n t  
and t h a t  have been ordered by r e sea rche r s ,  we f i n d  t h a t  6 2 . 8  percent  of 
t h e  documents ordered w e r e  N-numbered documents, which r e p r e s e n t  government 
aerospace documents,and 3 7 . 2  percent  were A-numbered documents,which 
r ep resen t  open aerospace l i t e r a t u r e .  Consequently, both are s i g n i f i c a n t  
document sources  and a r e  of importance t o  the program; however, t h e  
N-numbered documents appear more l i k e l y  t o  con ta in  information n o t  prev ious ly  
seen by t h e  researcher .  
Of t h e  c losed  problems, 30 percent  have been c losed  because of 
"no f u r t h e r  i n t e r e s t  on t h e  p a r t  of t h e  researcher"  (category 3 ) .  
Obviously, more emphasis must be  placed on problem s e l e c t i o n  dur ing  t h e  
problem i d e n t i f i c a t i o n  phase. 
be appl ied  more jud ic ious ly .  
researcher  i n t e r e s t  i n  t h e  problem, as w e l l  as h i s  w i l l i ngness  t o  i n v e s t  
t i m e  and e f f o r t  i n  seeking and implementing a s o l u t i o n .  
Problem s e l e c t i o n / r e j e c t i o n  cri teria must 
Addi t iona l  e f f o r t s  must be made t o  determine 
A s  i nc reas ing  emphasis is placed on problem s e l e c t i o n  and review, 
t h e  t e a m  w i l l  be  a b l e  t o  concent ra te  on those  problems most l i k e l y  t o  r e s u l t  
i n  t r a n s f e r s .  
A s  a c o r o l l a r y ,  t h e  t e a m  w i l l  be a b l e  t o  process  a l a r g e r  number of problems, 
This  should inc rease  t h e  t ransfer - to-ac t ive  problem r a t i o .  
thus  permi t t ing  an  increase i n  t h e  
and expansion of t h  
i n s t i t u t i o n s .  
It becomes immediately clear t 
screening  and t h e  more vigorous a p p l i c a t i o n  of t h e  problem r e j e c t i o n / s e l e c t i o n  
cr i ter ia  w i l l  p l ace  a n  even g r e a t e r  importance on t h e  r o l e  of t h e  
consu l t an t  a t  each p a r t i c i p a t i n g  i n s t i t u t i o n .  
a i d  and t h e  most r e l i a b l e  source of information a v a i l a b l e  t o  t h e  Biomedical 
Appl ica t ion  Team i n  i d e n t i f y i n g  r e sea rche r s  and eva lua t ing  t h e i r  i n t e r e s t  
i n  and p o t e n t i a l  response t o  t h e  program. Consequently, i n  expanding t h e  
base  of p a r t i c i p a t i n g  i n s t i t u t i o n s ,  t h e  choice  of t h e  b e s t  i nd iv idua l s  t o  
se rve  as consu l t an t s  w i l l  be  even more important .  The c h a r a c t e r i s t i c s  
d e s i r a b l e  i n  a consu l t an t  should be developed t o  permit t h e  proper choices .  
The consu l t an t  i s  t h e  b e s t  
The fol lowing,  whi le  c e r t a i n l y  n o t  a l l - i n c l u s i v e ,  is  a list of d e s i r a b l e  
c h a r a c t e r i s t i c s  of consu l t an t s :  
H e  must be  e n t h u s i a s t i c  about t h e  Biomedical Appl ica t ion  
Team Program. 
H e  must be  cognizant  of t h e  o v e r a l l  r e sea rch  ac t iv i t ies  
of t h e  i n s t i t u t i o n .  
H i s  t e c h n i c a l  and r e sea rch  a b i l i t y  must be recognized and 
respec ted  wi th in  t h e  i n s t i t u t i o n .  
b l e .  
a t  h e  be  a c t i v e l y  involved i n  r e sea rch  
p r o j e c t s  himself .  
H e  must b e  a b l e  t o  communicate w i t h  people.  
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F i n a l l y ,  i t  is clear t h a t  t h e  concept of t h e  Biomedical Appl ica t ion  
Team is a v i a b l e  one and is  one of t h e  most e x c i t i n g  concepts a v a i l a b l e  f o r  
br idging t h e  gap between t h e  f i e l d s  of medicine and aerospace technology. 
It is  recommended t h a t  t h i s  unique approach be  continued as a n  o p e r a t i o n a l  
process whi le  c o n t i n u a l l y  r e f i n i n g  t h e  methodology by t h e  experimental  
method. 
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